This article aims to identify the main business and economic determinants of capital structure in a sample of innovative companies from BRICS countries. We achieve this by presenting a comparative analysis of 1,437 high-tech and 1,485 non-innovative companies in the pharmaceuticals, electronics, IT, and telecommunications sectors between 2008 and 2015. We conduct a regression analysis using a significant number of variables, such as profitability, size, proportion of tangible assets, and growth potential. The highlighted parameters are then examined in order to identify the characteristic features displayed in the capital structure of innovative firms.
Introduction
The 21 st century economy is based on knowledge, and information has become a priority. It is safe to say that currently, knowledge in all its forms plays the most essential role in the process of economic development. Those countries which are capable of creating and effectively applying various kinds of knowledge have great potential for development, and companies that effectively and widely use new knowledge are a step ahead of their competitors.
Innovation is a manifestation of new knowledge. At the macro level, innovations are a major factor in a country's economic growth. At the micro level, innovations allow companies to increase their performance and produce new products and services through the application of new technologies, materials and processes. However, it is difficult to assess the significance of innovations at the macro level without taking into account their role at the micro level of companies, as they also play a significant role in influencing the performance of firms.
One of these performance indicators is the company's capital structure -the debt-to-equity ratio in the cost of its capital. The capital structure is one of the key performance indicators of the company, as it allows evaluation of the current state of the company, its financial stability and future development prospects. In turn, a study of the capital structure determinants allows us to understand how a company makes a decision about debt formation, i.e. how a company controls its amount of debt.
The purpose of this paper is to investigate whether more innovative firms make different financing choices compared to less innovative firms. While there are already some contributions in the literature examining the ways in which innovative firms are distinctive in various aspects of their organization (for EU and US data in particular), the uniqueness of our study is that we perform this research on a sample of BRICS countries data. We provide evidence on innovation and financial structure from a panel of BRICS companies over the period 2008-2015 and add to the empirical literature on the nature of financial choices made by high-tech or innovative firms.
Literature review
Once the foundations of the capital structure theory were laid, a number of authors adopted an approach of testing the relevance of the pecking order and trade-off theories on real data at the national and international levels. Arguably the most significant research of this sort is the work by G.R. Rajan and L. Zingales [1] , in which the authors conduct a comparative analysis of companies from G-7 countries. The authors come to the conclusion that it is difficult to determine in developed markets which of the capital structure theories provides a better reflection of the companies' behavior, since the prerequisites of both theories partially manifest themselves in the real data and 1 Hereinafter the words "innovative" and "high-tech" are used interchangeably do not contradict each other. Similar results were obtained individually for the United States [2] , the UK [3] , as well as for several developing countries [4] .
Some authors came to more definite conclusions, in confirming the validity only of the pecking order theory in countries such as India [5] and Spain [6] . Conversely, some studies confirmed the trade-off theory for companies in Turkey [7] and South Africa [8] .
Another area in which the capital structure theory has developed is the study of sectoral specificities of companies that may affect the level of a firm's debt. One of the first of such first studies is the work by M. Bradley et al. [9] which studies the average debt level of 851 American companies over a 20-year period (and where the companies sample is divided into 25 different industries). The authors conclude that sectoral affiliation is a significant factor, which explains about 54% of the differences in the debt level among companies.
M. Talberg et al. [10] directly test the hypothesis on the relevance of a company's sectoral affiliation for the debt-to-equity ratio. Through a general regression analysis of all industries, and further study of each industry separately, the authors have come to the conclusion that this division is justified. In doing so, they confirm the need to take into account the sectoral affiliation of the company when studying its capital structure. However, the 2008 study also provided some equally relevant conclusions for the present article. First, M. Talberg et al. noted that companies affiliated with the IT sector have a lower level of debt than other firms under study from industries such as construction, food and drink production, etc. Second, individual regression for IT companies has the lowest explanatory power (the lowest R2) among all industries, while being high at the 1% interval. The authors clarify that this result may be associated with a relatively large share of "emissions" among IT companies, but at the same time it may mean that the basic model used in the article does not adequately reflect the specifics of the activities of these companies compared to firms from other sectors.
The information technology sector traditionally belongs to innovative industries. In view of the meaningful role of innovation in the modern economy, it is necessary to conduct a more thorough analysis of high-tech 1 companies in order to address the issue of the significance of the differences in their capital structure with firms from other sectors of the economy.
To carry out such analysis, it is necessary to identify the principal features of innovative companies that distinguish them from other firms, which, in turn, is impossible without an understanding of the very concept of "innovation". The contemporary approach to the concept is given in the "Guidelines for Collecting and Interpreting Data on Innovation", (otherwise known as 'the Oslo Manual'), a methodological document of the Organization for Economic Cooperation and Development (OECD)
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Thus, it may be concluded that an innovative company is a company that regularly (at least once every three years [11] ) carries out one or several innovative activities, and it is important to note that the result of these activities should be economically significant. This means that innovation must be introduced into production or commercialized in some way. Abstract knowledge or the creation of a new product and process is not seen as an innovation before it is embedded in the production process of a company. Therefore, innovation must be inextricably linked with the main activity of an innovative company.
It is necessary to determine the features of innovative companies that may affect the equity-to-debt ratio. To accomplish this task, we make reference to previous studies which focus on the capital structure of firms in the innovation sector.
One of the first studies aimed at studying the capital structure of innovative firms was based on the sampling of small non-public IT companies in Ireland [12] . The authors state that one of the most significant features of small innovative companies is that they are characterized by the information asymmetry challenge, which arises for several reasons. First, due to the very essence of innovative activities aimed at creating new or improving existing products and processes, people directly involved in the company's work (and who are aware of the features of its activities) possess an understanding regarding the future success of certain innovation projects that the company is working on. For external market participants, and investors in particular, the question of the potential of a company can go unanswered, because the market may not have analogues of the innovation being developed. Therefore, an objective assessment of the innovative company's capabilities by an external investor appears to be difficult. Second, for small companies there is often insignificant public information, both of a financial and non-financial nature, which also turns them into a kind of "black box". Both of these reasons lead to the fact that, without sufficient understanding of the peculiarities of an innovative firm's activity, it is difficult for investors (particularly banks), to identify which projects are attractive investments and which do not have high potential. This has led to situations where, if faced with the need for external finance, small innovative companies have to pay higher loan rates as compensation to the bank for the risk. The alternative is that they will not to receive outside support at all if bank estimates of the adverse selection costs are too high.
In their work, T. Hogan and E. Hutson argue that the feature of innovative companies noted by them has a certain impact on the capital structure of these firms. High levels of borrowed capital, or the total lack of opportunities to attract capital, leads to a situation where small innovative companies have to finance their activities primarily from their own resources, and their debt has remained low. Furthermore, the authors state that this conclusion is more consistent with the pecking order theory than the trade-off theory, because the costs of information asymmetry force innovative firms to rank the sources of funding for their activities by the criterion of accessibility, thus disregarding the costs or benefits associated with the formation of an additional debt unit.
The study based on data about small companies in Finland [13] also proves that firms operating in the information and communication technology sector have lows levels of debt. Moreover, the authors of this work include in their analysis the expenses of companies for research and development (R&D) which they consider to be the most important indication that the company is systematically engaged in innovative activities. They argue that R&D expenses generate high growth potential of tech companies, because the more money that is invested in developing a new product or improving the existing one, the higher the probability will be of successful market entry in the future. Moreover, there are certain factors that are particularly acute in the areas of information and communication technologies which enhance the impact of growth potential on the capital structure of companies. These include:
• network effects (externalities) availability in the sector -which means that each new user of a product or service is capable of positively influencing the usefulness of other users. Thus, for example, each new user of the telephone network or the Internet increases the value of other subscribers, as their opportunities to communicate with other people expand. If such a network effect "works" for a certain innovation, then the growth potential of the company increases dramatically;
• high applicability of innovations, which arises due the fact that the bulk of innovations in the information and telecommunication technology sector are aimed at improving the products used in their respective industries [14] ;
• the availability of fixed costs of entry into a number of areas of the information and telecommunication technology sector, as well as a low level of marginal and "transport" costs due to the nature of the product itself.
However, the theory says that growth potential negatively affects the level of a company's debt due to the fact that it is intrinsically linked to the costs of underinvestment [15; 16] . These costs mean that a company that highly evaluates its development opportunities will tend to borrow less since, all other things being equal, with debt liabilities, it will cost less in the future than in a situation where the debt is zero. Therefore, we can conclude that due to the nature of their activities innovative companies have high growth potential which, in turn, reduces the motivation to use debt instruments.
The next specific feature of high-tech firms is that the intangible part in the structure of their assets amounts to a
Higher School of Economics larger share than in non-innovative companies [17] . This feature also negatively affects the capability of innovative companies to raise borrowed capital for the following reasons. First, intangible assets very rarely act as debt security. This is primarily due to their uniqueness since, for instance, a new invention, patent or special software may have no analogues on the market or be relevant only for the purposes of a particular company, and therefore the intangible asset value may be undetermined. Second, the same feature of uniqueness in the face of financial difficulties contributes to a faster loss by an intangible asset of its value which increases the expected bankruptcy costs [18] . Third, intangible assets in high-tech companies may also appear in the form of knowledge contained in the human capital of the company's employees [19] . This means that in the situation where an employee resigns or leaves the company, the firm may face serious challenges.
All of the above works note the following: the innovative activity of companies can lead to the fact that their debt level will be low due to the information asymmetry costs, high growth potential and a specific structure of assets. However, some studies have obverse arguments. Thus, E. Bartoloni [20] states that the need for external funding of the company's activities increases in line with the extent of innovation activity, and this conclusion remains relevant regardless of the company size. It has also been proven that for fast-growing companies, the problem of inadequate revenues to finance and maintain their development is an urgent one [21] . Consequently, it is impossible to state unequivocally how the features of innovative companies influence their capital structure.
It should be noted once again that the above works on the capital structure of innovative companies [12; 13] focused on the study of small companies, but they have not studied public firms. This is notable, as in most cases public companies have great financial potential in terms of investing in the development and improvement of products, processes and technologies, and therefore play an important role in the process of generating innovations. This gap is filled with the work by P. Castro and M. Tascón [22] , who study the capital structure of public European companies. The authors argue that the information asymmetry challenge, which is vividly manifested for small companies, also directly influences the position in the debt capital market of listed firms, despite their obviously greater openness and transparency for market participants. The distinctive feature of their study is also the fact that the work provides a comparison of the debt levels in hightech and non-innovative firms at different stages of the life cycle. This approach suggests that innovative companies have a lower level of debt, and this observation is true at all stages of the company life cycle. Furthermore, the authors of the work confirm the hypothesis that growth potential is a significant factor influencing the level of the company's debt. The nature of the influence of a range of other explanatory variables shows that the behavior of innovative companies is more consistent with the pecking order theory, which also coincides with most previous studies.
And finally, another work dealing with the data of UK public companies reveals a non-linear relationship between the firm's innovative activity (measured as R&D expenses) and its debt level [23] . The authors of this article argue that the companies which have positive R&D costs use more borrowed capital than companies with a 'zero' level of these costs. As for firms with positive R&D costs, the volume of their borrowing decreases with the growth of this cost item. The findings obtained in the work may indicate that public high-tech companies use more borrowed funds than non-innovative firms. In turn, the higher the level of a company's innovative activity, the lower the level of borrowings it exhibits. This conclusion, on the one hand, supports the results of those studies concerning the negative relationship between innovation activity and debt. On the other hand, it contradicts the arguments of other authors that innovative companies have less borrowed capital. It follows that in the literature there is no unambiguous understanding of the relationship between innovation activity and debt, especially for developing countries' markets.
Thus, based on the results of various works focused on the study of the capital structure of innovative companies, a number of hypotheses can be made that will be tested in the future.
The process of choosing the capital structure for innovative companies in the BRICS countries is significantly different from the process of choosing the capital structure for non-innovative companies.
The debt level of innovative companies in the BRICS countries is lower than in non-innovative companies.
The decision regarding the determination of the capital structure of innovative companies is more consistent with the pecking order theory than the trade-off theory.
The proportion of intangible assets and the growth potential of the company adversely affect the level of borrowed capital.
Methodology of the Study
The most common approach to determine the innovativeness of a company is the sectoral characteristic. So, J. Francis and K. Schipper [24] define the following four sectors as innovative: information technologies, electronics, pharmaceuticals and telecommunications, asserting that in these industries intangible assets play the greatest role, and the nature of their activities can be considered innovative. The authors use the SIC standard industrial classification which assigns a three-digit code to each industry. It is on the basis of this system of codes that the final determination of the innovative nature of the activities of a company takes place. It should also be noted that the authors use a similar approach to determining lowtech companies, which is necessary in the course of their research. This decision regarding the high-tech status of the company as a sectoral affiliation has been developed in the works of other authors who have made the selec-Higher School of Economics tion of industries under SIC in more detail, expanding the list of industries in which companies fit the definition of innovative companies [22; 25] .
The present article has applied this particular second method of selecting innovative companies. Such decision is, firstly, due to the availability of a number of described shortcomings of the first method, which may lead to the inclusion in the analysis of companies that are not innovative in nature or, conversely, the disregarding of those high-tech firms whose reports do not provide information on the R&D costs. Secondly, the selection of innovative companies based on the standard industrial classification appears to be more uniform and simple to use. Furthermore, it is used by a number of authors, and also does not contradict other research studying the behavior of hightech companies.
Thus, the analysis includes public BRICS companies affiliated with the following sectors: pharmaceuticals, electronics, information technology, and telecommunications. More detailed information on the SIC-codes included in the review is provided in Appendix 1.
It is also notable that, for research purposes, there is a need for sampling of companies from non-high-tech industries. The criterion for their sampling is similarly formed on the basis of the SIC-codes, and their list is taken from the work [25] and is also given in Appendix 2.
The whole study can be divided into two main stages: at the first stage, the analysis of differences in the capital structure between two samples consisting of innovative and non-technological companies was carried out. This step is necessary to test hypotheses 1 and 2, since it is at this stage that it will be determined whether it is possible to describe the process of capital structure formation by companies different in the degree of innovativeness by one regression model, or if the models should differ for various firms. At the second stage, the model will be increasingly complicated in order to study the capital structure of innovative companies more closely. At this stage, the remaining two hypotheses will be tested and conclusions will be made regarding the effect of various determinants on the debt level in high-tech companies.
We are going to take a detailed look at each stage of the study, and to start with, we describe the basic model which will serve as the basis for the entire regression analysis. This model was formulated by G.R. Rajan and L. Zingales in 1995 [1] when they studied the differences in capital structure between companies in G-7 countries. The model which will be described later is used in this article's analysis for several reasons. First, it is used as the basis in most studies focused on the analysis of companies' capital structure, regardless of sectoral, national, or other characteristics. This is because the determinants included in the model reflect the key characteristics of the company that affect its debt level, so most of the coefficients are significant in any study. Second, this model reflects universal characteristics essential for any company, such as size, profitability, etc., thereby ensuring the applicability of the model for samples consisting of various companies, and making it possible to compare these samples with each other.
The dependent variable in the described model is the ratio of the value of the company's borrowed capital to its equity. Equity capital is calculated in two forms -as a market and balance value. This approach to the definition of the explanatory variable is maintained in all such studies, the varieties of debt just change (for instance, long-term and short-term). Turning to the studies already considered in the literature review, some authors use in the analysis the ratio of long-term debt to the book value of assets [22] , while others use the total liabilities while maintaining the balance sheet approach to determining equity capital [13; 23] . Based on this, we will focus on using the ratio of total liabilities to the book value of the company's assets (Leverage) as a dependent variable.
Herewith we will examine the set of explanatory variables of the basic model which are also defined as determinants of the capital structure, and which justify expectations regarding the influence of these factors on the size of the company's debt.
Profitability of the company (Prof), calculated as the ratio of a company's earnings before interest and taxes (EBIT) relative to its total net assets. Capital structure theories interpret the influence of this factor on leverage in different ways. According to the pecking order theory the more profitable a company is, the larger the amount of internal resources it has to finance its activities, and the less need it has of borrowed funds, whereas the trade-off theory states that more profitable firms can borrow funds on more favorable terms and, therefore, increase debt, since the bankruptcy probability is small.
The findings of various studies regarding companies' capital structure comprise the prevailing uniformity of outlook regarding the impact of profitability on leverage, and this impact is seen to be negative. Whether it is a study of the markets of G-7 countries [1] , Russia [26] , China [27] or India [4] , the effect of the variable always remains significant and negative. In the case of innovative companies, it can be assumed that the effect predicted by the trade-off theory will be less significant than the information asymmetry challenge. Therefore, it can also be assumed that the negative effect of this variable on the debt level will also be less significant. Note that this assumption is supported by the findings of the fundamental work on the theme.
Size of the company (Size). There are two main approaches to the calculation of this variable. First, it can be calculated as the natural logarithm of the total assets value [22] , and second, as the natural logarithm of the amount of the sales proceeds [1] . In this article, the choice has been made in favor of the second method, since this variable shows more stable and significant results in the regression analysis (which is given below).
Based on the theory, it is difficult to clearly assume the nature of the impact of the company's size on the level of its debt. On the one hand, the size of a firm may act as a reverse proxy variable for the bankruptcy probability, thereby predicting a positive impact on the amount of borrowings.
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On the other hand, assuming that a larger company has more accumulated assets, it can be suggested that it will tend to use its own equity.
The two hypotheses proffered above are supported by various studies of the capital structure of high-tech companies, where the coefficient value with the variable depends on the model specification [20] or the company's life cycle [22] .
Tangible assets (Tang) is the ratio of the PP&E book value to the total assets of the company. The variable reflects the proportion of tangible assets in the company and is the inverse indicator of the proportion of intangible assets. Based on the trade-off theory, it can be assumed that this ratio will have a positive effect on the debt level, because tangible assets can serve as collateral for the loan and, furthermore, their cost is more stable over time, in contrast to intangible assets. The pecking order theory, on the contrary, predicts that with an increase in intangible assets, the need for their funding grows, and due to the high information asymmetry, the use of equity capital can be extremely costly [28] . In general, taking into account the specifics of innovative companies, it can be suggested that any significant expansion in PP&E will have a positive effect on the company's sustainability in the minds of borrowers, thereby contributing to an increase in borrowing.
The company's market-to-book ratio (MtB) is a variable that is recognized in the literature as a proxy for the company's growth potential, and therefore, based on the findings of the special growth potential significance for the innovation sector, the negative relationship between the factor and the debt level is assumed.
The overall conclusions regarding the expected effect of the basic model factors are given in Table 1 .
The objective of the first stage of the study is to identify differences in the capital structure of non-innovative and high-tech companies. For these purposes, in addition to analyzing descriptive statistics, first, a dummy variable (TechDummy) will be applied which is responsible for representing a company's affiliation with the innovation sector. The significance of this variable will make it possible to note that the innovativeness of the sector is indeed an important factor in explaining the company's capital structure. Second, a separate analysis will be carried out for innovative and non-innovative companies, and then the Chow test (in line with the approach used by P. Castro and M. Tascón [22] ) will be conducted, which will make it possible to determine whether it is necessary to describe these companies separately, or whether in fact differences in the influence of key determinants of capital structure between companies are insignificant. Thus, the regression in the first stage of the study is presented as follows:
Methodology for Analysis of the features of the Features of Innovative Companies
The second stage of the study is focused on more detailed examination of the determinants of the capital structure of only innovative companies. To perform a detailed analysis, it is necessary to expand the list of variables used in the regression, some of which will complement the standard set of factors commonly taken into account in studying the capital structure, while others reflect the features of particularly innovative companies.
The first supplementary variable is the lagged profitability value, which is one year behind (LProf). It is assumed that a potential borrower is able to form his opinion on the financial stability of a company based on previous indicators of its profitability, because the higher this parameter is, the lower the expected bankruptcy probability. In this regard, a positive relationship is expected between the lagged profitability value and the level of the company's debt.
The next variable is a non-debt tax shield (NDTS) value which is calculated as the ratio of the value of depreciation to the company's total assets [2] . The meaning of this variable is that any company charging depreciation on its PP&E reduces the size of the taxable base by the amount of these charges. For that reason, a so-called non-debt tax shield arises, which in this case arises for a reason unrelated to the payment of interest on loans. It can be assumed that the larger the non-debt shield value, the less incentives to form a debt a company will have, because the benefits of a debt shield are replaced by those of a non-debt one.
In their work, S. Titman and R. Wessel [2] argue on the shortcomings of this indicator, indicating that it may not take into account the intangible part of the compa-Higher School of Economics 78 ny's assets. Since this article deals with the behavior of innovative companies, firstly, the amortization amount is calculated as the sum of deductions for both types of assets, and secondly, after P. Castro and M. Tascón [22] , it is necessary to include into the analysis a separate variable calculated as the ratio of the intangible assets amortization to the total amount of amortization charges (IntAmort). This determinant will make it possible to consider the impact of intangible assets on the capital structure of innovative companies from the opposite perspective to that of the variable responsible for the proportion of tangible assets. Based on the theoretical assumptions, the negative impact of the debt level can be suggested.
The next common variable, already mentioned in the previous discussion, reflects the tax benefits that the company receives, forming a debt (TaxSh). Such benefit arises when the firm reduces the amount of taxable income by the amount of payments on its financial liabilities. This indicator is calculated as the ratio of the profit tax value paid by a firm to its before-tax profit [26] (this, in fact, constitutes the effective tax rate). It is expected that the effect of this factor will have the opposite direction regarding the non-debt tax shield value, since by increasing the amount of borrowed capital the firm reduces the amount of obligatory tax.
In considering the challenges faced by innovative companies, it should be noted that information asymmetry is one of the most pressing and most difficult obstacle to overcome. However, there are two indicators inherent in each company which act as proxy variables for the bankruptcy probability, and, therefore, are capable of indirectly reflecting the safety of investing in a particular company. One of these indicators -the company's size -was described in detail as part of the basic model of this study, while the second indicator is the company's age (Age), acting as one of the criteria for the company's reputation [28] and the risk associated with it [29] . It is believed that the costs associated with the debt generation are higher for companies with lower standing [20] , and therefore it can be assumed that a longer number of years of company existence will have a relatively more positive effect on its debt level. In our article, 'age' is defined as the logarithm of the difference between the observation year and the year of the company's establishment.
The block composed of the following variables represents three different approaches to describing a company's growth potential, which, as follows from theoretical assumptions, should play a significant role in describing the company's decision-making process regarding its borrowed capital value. The first variable is a part of the basic model and is the ratio of the company's capitalization to the book value of its assets. The remaining two variables will only be included in the final analysis of this analysis. One of them is the ratio of capital costs to the company's total assets (GrOpp) [2] . The goal of including this indicator into the analysis is to control the growth potential that is generated through investments not in research and development, but in PP&E which can improve production performance, product quality or increased production capacity. These improvements certainly increase the development potential of the company, but they are not directly related to its innovative activity. However, the assumption regarding the influence of this factor on leverage is entirely based on theoretical conclusions about the costs of underinvestment in the future, and therefore a negative relationship between this variable and the debt level can be assumed.
And finally, the last proxy variable for growth potential is the level of R&D expenses (RnD), which in a number of studies acts as the key indicator of the company's innovative activity. There are two main ways of calculating this indicator -as the ratio of R&D costs to sales revenue [2; 13; 23] and as the ratio of these costs to the company's asset value [22; 30] . It is difficult to substantiate in theory the correctness of using a particular method to calculate the variable, however, based on the results of the regression analysis (which is carried out at the next stage of work), it has been decided to use the ratio of R&D costs to sales revenue in the analysis, since this option of the variable appeared to be more significant.
Based on the above theoretical prerequisites, it is difficult to assume the nature of the impact of the level of R&D costs on the amount of financial liabilities of a company. Nevertheless, much of the studies reveals the negative relationship which is associated by the authors with the growth potential generated by R&D costs [13] and the intangible nature of the assets that are the product of these investments [31] . However, at the same time, other studies reveal a non-linear relationship, as in the work by [23] (the essence of non-linearity is described in the literature review). Against this background, it should be assumed that R&D expenses will contribute to reducing the company's debentures.
The last block of variables included in the analysis consists of dummy variables responsible for the company's affiliation with one of the countries from the list under examination: Brazil, Russia, India, China or South Africa. To avoid the issue of full multicollinearity, four dummy variables have been included in the model, and the fifth is taken as the base one.
This model specification will make it possible not only to assess the impact of standard factors on the capital structure of innovative companies, but also to account for their features. Furthermore, such a set of variables will allow for the determination as to whether the pecking order theory is more preferable for high-tech companies. This is because the analysis includes variables, the direction of influence of which is predicted by the theory, and the regression analysis allows for the drawing of a conclusion as to whether the expectations coincide with the actual situation, and, therefore, whether hypothesis 3 is supported. In addition, this model specification makes it possible to formulate a conclusion regarding the influence of the growth potential and the structure of the assets of innovative companies on their debt amount, which will be a test of hypothesis 4.
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Empirical Analysis of the Capital Structure of the BRICS' Innovative Companies
Information base of the study
The Capital IQ has become the base source of data on the financial performance of companies. The selection of companies was performed using the below criteria (with each company in the sample possessing all charateristics):
being a public joint-stock company, since only this type of company is required to disclose data on its activities;
• being located in one of the BRICS countries: Brazil, Russia, India, China or the Republic of South Africa;
• holding affiliation with the industry defined in accordance with the SIC coding. The full list of codes used and their respective industries are given in Appendices 1 and 2;
• having a positive value of total proceeds. The criterion has been applied with a view to excluding non-operating companies from the analysis.
As for the time frame of the study, the ten-year period from 2007 to 2016 was initially covered, but it was modified to reflect the period from 2008 to 2015, due to the fact that in 2007 there were a large number of gaps in various company performance indicators, as well as on the date of data collection, and most companies have not yet submitted their financial statements for 2016. Thus, this work covers an eight-year period, which is sufficient 2 to conduct a study of the capital structure, especially in emerging markets.
As a result of applying this list of criteria, a sample of 1437 high-tech and 1485 non-innovative companies was obtained, which was transformed into a balanced panel through the Stata 13 3 program. But then, the observations were filtered in two stages in order to improve the quality of the studied data. At the first stage, companies were excluded from consideration, for which more than half of the observations for such indicator as the book value of total assets are non-available. This step was taken due to the fact that most of the variables used in the regression analysis are normalized to the asset value, therefore the non-availability of a significant part of observations for this indicator in the company makes its consideration inappropriate At the second stage, data analysis was carried out, including consideration of the maximum and minimum values for all indicators used, as well as the value of standard deviations. The result of this analysis was the exclusion from the sample of those observations for which a significant deviation of the indicator from its average value was found, which could distort the subsequent results of the regression analysis. The outcome of these adjustments was that the number of innovative companies being studied 2 For reference, I. Ivashkovskaya and M. Solntseva [26] use the six-year period for Russia, J. Chen [27] the six-year period for China, E. Bartoloni [20] the eight-year period for Italy and P. Castro et al. [22] -the 13-year period for a number of European countries. 3 The follow-up regression analysis will be performed using this program.
was reduced to 939, while the number of non-innovative firms under consideration amounted to 659.
The distribution of companies by country is shown in figures 1 and 2. The figures show that the majority of companies from all sectors are concentrated in China, while the remaining countries have approximately equal shares in the sample. Of course, this distribution cannot be considered optimal, however, in other studies there is a similar disparity (for example, [22] ), which is not considered by the authors as an obstacle to further analysis. Higher School of Economics 
Figure 1. Distribution of innovative companies by country

Results
An examination of these results shall commence with a comparison of the basic model for high-tech and non-innovative companies, given in Tables 2 and 3 , respectively.
Based on the data given, a number of conclusions may be drawn regarding the main characteristics of companies and their differences between sectors. First, innovative companies in the sample are more profitable than non-innovative firms, although the difference in this indicator is not so significant. Second, firms from different sectors are comparable in size, although non-innovative companies are on average larger. These two indicators show that companies with different levels of innovation activity have approximately the same average profile regarding size and profitability with very similar values of standard deviations of indicators, which means that comparable companies will be compared. This, in turn, ensures the objectivity of the findings that will be further refined.
The third feature of the sample is the fact that high-tech companies have a lower proportion of tangible assets. This fact is fully consistent with the theoretical premise that innovative companies use more intangible assets in their activities. The fourth finding is that the MtB variable is on average significantly higher for innovative firms.
Since this factor is one of the proxy variables for growth potential, it can be concluded that descriptive statistics supports the assumption that high-tech firms have higher development opportunities.
Having obtained an overall perspective of the nature of the data being studied, we proceed to the first stage of the study, the essence of which is to test the significance of the differences between the effects of the basic model determinants on the capital structure of companies which differ in innovativeness. To achieve this goal, a basic regression was made on data from all companies included in the sample. The Debt is a dependent variable, and all factors, the descriptive statistics of which have been considered earlier, are explanatory. Furthermore, there is a dummy variable in the regression, which takes on the value of 1 if the company is recognized as innovative, and the value of 0 if not. The results of this regression are given in Table 4 .
Based on the results obtained, it can be concluded that all the coefficients of the model are significant at the 1% level, as well as the regression model itself. The significance of the dummy variable makes it possible to support the hypothesis 1, that the innovative nature of the company's activities has an effect on its debt level. To finally test this hypothesis, we make two separate regressions for hightech and non-innovative firms (without the use of a dummy variable), and then we carry out a Chow test, which will make it possible to determine whether the differences in the models made are significant.
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The results of this stage, shown in Table 4 , indicate the following: all regressors are significant regardless of the nature of the companies under consideration, and the direction of their effect on the level of debt in the company is also maintained. However, the explanatory capacity of the regression applied to non-innovative companies is slightly higher (R 2 is 4 points higher). This result may mean that the same set of factors explains the behavior of innovative companies regarding the generation of debt with less accuracy than it explains the behavior of firms not involving innovation activities. Now the Chow test will be implemented, taking the null hypothesis of equality of the coefficients of the two equations and on the basis that there are 4 variables in the model, and the number of observations for the group of innovative firms is 6.814 (for the rest this figure is 4.849. The result of the test is that the observed F-statistics equals to 48.82. As for the critical value, then for the 5%-point of significance it is 2.21. The observed value of F-statistics significantly exceeds the critical value, which implies that the test's null hypothesis is rejected. Based on the result obtained, it can be concluded that different samples should be described by different equations, which means that the decision-making principle regarding the generation of debt varies for companies differing in their level of innovation. This thesis suggests that hypothesis 1 of the study is thereby validated. Now, having established that there are significant differences between the two described samples from companies with different levels of innovation, we can re-examine Tables 1 and 2, and note that the average observed level of debt of innovative firms is almost 2 times lower than the same indicator for non-innovative companies. In order to find out to what extent this difference is significant, we will perform Student's test for the equality of two means. It should be noted that the standard deviations for the Debt variable almost coincide for the two groups, there-fore, it is possible to run this test. Setting the null hypothesis of equality of means, we obtain the value of t-statistics at the point of 14.25. At the same time, the critical value at the 5% point of significance is 1.96, which makes it possible to reject the null hypothesis of this test. Thus, the Student's test states that the means of debt are different for two samples. This result, in turn, allows for the conclusion that the level of debt of innovative companies is lower than in other firms, and this is a confirmation of hypothesis 2.
Summing up the findings of the first stage of the study, it can be said that hypotheses 1 and 2 were confirmed. This means that companies engaged in innovative activities make a decision on the generation of debt differently from firms for which innovative activity is not typical. Furthermore, high-tech firms have, on average, lower levels of debt than companies from other sectors.
Econometric Analysis of the Determinants of Innovative Companies' Capital Structure
The first stage of the study has shown that the structure of innovative companies is significantly different from the capital structure of other companies, and therefore a thorough and in-depth analysis of the determinants affecting the amount of debt of high-tech firms is necessary.
We are going to start the analysis with a review of descriptive statistics of supplementary factors given in the methodological part of the work. As shown in Table 5 , the effective profit tax rate, acting as a proxy variable for tax benefits, is on average 18%. This value is entirely accurate, since in Brazil the profit tax rate is 30%, in Russia -20%, in India -30% (with a possible 20% tax deduction for R&D expenses), in China -15% for high-tech companies, and in South Africa -30%. Given that Chinese companies make
Higher School of Economics up most of the sample, the observed average value of the effective profit tax rate naturally increases due to higher rates in other countries. Moreover, the age of the average company for the sample is 15 and takes on a range values from 4 to 95 (the table shows the logarithm of age; the minimum value is rounded to zero by the program). This means that the companies that are completely different in the time period of the company's existence are analyzedboth entrenched market players and firms that have recently entered it. It can also be noted that the RnD variable has a slightly smaller number of observations in comparison with other determinants. This fact can be explained by the fact that many companies do not show up the R&D costs as a separate item in their financial statements.
We'll also look at the correlation matrix for independent variables given in Table 6 . A number of features are included in this matrix. First, the relatively high correlation of the MtB variable with factors such as Prof and Size is indicated. This fact can be quite logically explained by the fact that, on the one hand, more profitable companies will naturally have a higher market value due to their attractiveness to market participants. On the other hand, larger companies (where size is defined as the log of sales) have a large amount of assets (the correlation of these indicators is more than 0.9), which leads to a decrease in MtB. In general, without taking into account the high correlation between the non-debt tax shield and the share of intangible asset amortization, which is natural owing to the principle of calculating variables, the low degree of interrelation between various factors can be noted.
Having made conclusions regarding the main characteristics of those determinants that will be used in the second stage of the study, we proceed directly to testing regression models. We'll start with making the Pooled model, and then compare it with more complex models with fixed and random effects. The results of all three models are given in Table 7 , however, before starting to interpret the results obtained, it is first necessary to determine which model is preferable in order to explain the choice of capital structure, and second, to test the selected model for potential issues such as multicollinearity, heteroscedasticity and autocorrelation.
To identify the most adequate model, we will run a series of tests that compare all three models in pairs with each other. We'll start with the F-test (integrated into the FE-model assessment procedure, so the result is not shown separately), the statistics for which is 11.66 with its critical value of 1.1.
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Pooled This result suggests that in choosing between the Pooled model and the fixed effects model, preference is given to the second revision of the specification. To compare the Pooled model and the random effects model, we will perform a Breusch -Pagan test (Appendix 3), the test statistics of which states that the RE-model has a greater explanatory power. And finally, we'll compare the FE-and RE-models, using the Hausman test for this purpose (Appendix 4). Based on the results of this test, preference is given to the fixed effects model. The final result is that the most effective specification is a fixed effects model, while the Pooled regression is least preferred.
The next step to obtain the most optimal model is to test for various errors, the first of which may be multicollinearity. To test for this error, we'll calculate an indicator such as VIF. The results given in Table 8 suggest that the multicollinearity problem may be present in a fixed effects model, since several VIF values exceed the value of 4, which is traditionally recognised as the maximum level. However, applying the same approach to pooled regression, it can be noted that for it there is not a single VIF value above the acceptable level. Furthermore, the correlation matrix review did not reveal extremely strong connections between the variables, and therefore it can be concluded that the multicollinearity problem does not have sufficient power in the model to have a significant effect on the coefficients of various variables. Source: drafted by the author.
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The second potential issue of the model may be the error variance dependence on the observation number or heteroscedasticity available within it. To test the assumption that this problem exists, we will run a generalized Wald test (Appendix 5). The null hypothesis of the test is that the error variance does not depend on the observation, but the test result indicates that the null hypothesis is rejected. Therefore, heteroscedasticity may be seen to exist within the fixed effects model.
Finally, a check is performed on the model for the existence of autocorrelation. In general, there are two types of autocorrelation -serial or spatial. The second (spatial) type of autocorrelation is inherent in those models where the number of years covered in the sample exceeds the number of companies. For the data studied in this article, the opposite is the case, because the number of analyzed companies is more than 100 times higher than the length of the time period. Therefore, based on the nature of the data, we assume that only serial autocorrelation may exist in the model, the essence of which is that the observational errors for one firm over different periods may be related to each other.
As such, a test will be performed on the fixed effects model for serial autocorrelation, using the Wooldridge test for this purpose (Appendix 6). Based on the test results, the null hypothesis of the absence of a link between observational errors is rejected, thus revealing the existence of autocorrelation in the model under consideration.
Thus, the result of the study of the fixed effects model is the identification of the heteroscedasticity and serial autocorrelation problems, and therefore further adjustment of the model will be made.
To perform the adjustment, the following set of tools will be applied: White standard errors (heteroscedasticity measurement), Roger's standard errors (heteroscedasticity and autocorrelation measurement), and a non-parametric covariance matrix estimation 4 (also heteroscedasticity and autocorrelation measurement). The results given in Appendix 7 indicate that, regardless of the model having been given various adjustments, the coefficients preceding all variables retain their signs and levels of significance. The result is that the original fixed effects model, given in Table 7 , is applicable for the analysis of the capital structure determinants, since all the identified problems do not have a significant impact on the results of the estimates obtained. Furthermore, it is worth noting that, due to some peculiarities, for example, the availability of data gaps in the sample, the described procedures for detecting errors and making adjustments cannot be fully applied to the two other models -pooled and random effects models, and therefore we can assume that the coefficient estimates given in Table 7 are not distorted.
The potential problem of endogeneity should be also briefly discussed. Within this study, testing for the presence of such a problem is difficult due to the complexity 4 Scc option in Stata 13 program.
in establishing an appropriate tool for this. However, it is worth mentioning that one of the possible causes of endogeneity may be simultaneity when it is unclear whether the explanatory variable influences the dependent variable or if there is an inverse relationship. As part of studying the capital structure of innovative companies, the following question may arise: does innovation activity affect the debt level, or, conversely, does the company make decisions on investments in research and development based on the current level of borrowing? The answer to this question is provided in the work of E. Bartoloni [20] , where the Granger causality test is conducted. The result of this test is evidence of the fact that financial leverage is the dependent variable. This suggests the absence of the problem of endogeneity, which is also pertinent in the case of the present study.
Analysis of model test results
Having made a series of regression models, and also having got an idea of the role of various errors in the calculation of coefficients of the determinants under study, we will proceed directly to the analysis of the results obtained (given in Table 7 ).
We are going to start with the first two variables (Prof and LProf), which are responsible for the current and lag indicators of the company's profitability, respectively. The negative sign of both coefficients is maintained for all specifications of the model, and the Prof variable is significant at the 1% level in the pooled regression and fixed effects model. This result coincides with most of the previously reviewed studies and has absolute coefficient values, which are quite close to the estimates obtained, for example, in the work of P. Castro and M. Tascon [22] . The resulting sign of the variables means that more profitable companies tend to generate a smaller amount of debt. This coincides with the expected effect of the variables and supports the pecking order theory. A negative coefficient of a lagging profit indicator means that companies also tend to rely on last year's results of their activities, since this makes it possible to manage expectations about current results.
The Size variable shows a steady positive impact on the amount of debt, which corresponds to the trade-off theory. There are at least two explanations for this effect. First, larger firms are associated with a lower bankruptcy probability, and therefore borrowing costs are reduced [2] . Second, the larger the market share of the firm, the lower the information asymmetry costs associated with its activities, which also entails giving it access to more favorable loan terms. Both of these effects are particularly relevant for innovative companies, so the estimates of the coefficients of the variable are positive.
The next major variable, Tang, also has a sustained positive effect on debt levels. The obtained estimates of the Higher School of Economics coefficients correspond to the trade-off theory, since with an increase in the proportion of tangible assets, the loan security base grows, increasing the maximum potential amount of debt and improving the conditions for its formation. As expected, this effect will have a strong influence on innovative companies due to the fact that the level of their tangible assets is noticeably lower compared to non-technological firms.
The last variable included in the basic model is MtB, and its coefficient has a positive sign at the 1% level of significance regardless of the model specification. This result means that the growth potential, measured as the market and book value ratio of the company's capital, has a positive effect on the firm's motivation to borrow. This result is contrary to expectations, as well as to most of the work that includes a similar variable in the analysis. It can be assumed that this effect is due to the lack of internal funds in companies for financing their own growth. However, it is important to note that the influence of this factor is extremely weak with all the model specifications, so it is possible that although the effect of this factor is sustainable, it does not play an important role in the decision making process on the formation of an additional debt unit.
Let us proceed to the analysis of the coefficients of the remaining variables, the first of which is the growth potential GrOpp, measured as the ratio of capital costs to total assets. This variable has a negative effect on the leverage value, (which coincides with the assumptions of this study), but the variable is not significant. The explanation is that capital costs are the capital that companies use to acquire or upgrade various kinds of physical assets that do not play a fundamental role in the activities of innovative companies. The level of tangible assets in high-tech companies is relatively low, so the variable under review is not associated with an amount of growth potential which is sufficient to influence the amount of debt.
The RnD variable is the latest proxy to reflect the development potential of an innovative firm and, within the framework of the models under consideration, has a significant negative impact on the pooled regression and the random effects model. This effect is consistent with this study's initial assumptions, and is also supported by the conclusions of a number of works [13; 31] Hyytinen, Pajarinen, 2005]. Thus, it can be stated that the R&D costs, acting as an indicator of the company's development potential, in fact reduce the motivation to borrow due to the consequential costs of underinvestment in the future.
The effect of the tax shield (TaxSh) also coincides with the assumption made in the methodological part of this study, in that in all three model specifications this variable has a positive effect on the size of the financial leverage. It is worth noting, however, that the variable is significant only with the Pooled model at the 5% level, which indicates that the tax shield cannot be described as a crucial factor; rather, it is relegated to a minor role.
The variable responsible for the company's age (Age) shows an extremely unexpected effect, whereby the older the company becomes, the less it tends to borrow. This effect can be explained in two ways. First, age is positively correlated with the company's profitability, therefore, it can be assumed that more mature firms will need to borrow less. Second, it is probable that for the specific companies under review, the actual details of their commercial and other activities imply that lenders would be generally more afraid to loan, despite the long-term existence of the firm.
The coefficient of the non-debt tax shield (NDTS) has a negative sign, which corresponds to the assumption that the benefits from asset amortization play a significant role, reducing the motivation to use debt. This variable is especially important for innovative companies, since the PP&E depreciation amount is added to the amount of fixed assets depreciation.
The final variable examined at this stage of the study is the proportion of the intangible assets amortization in the total amortization amount (IntAmort). Despite the assumption of a negative effect, the actual coefficient has a positive sign and, moreover, it is significant for all the model specifications considered. This variable is a proxy for the level of intangible assets in the company, therefore, guided by the pecking order theory, we may assume that the identified direction of effect means that an increase in the proportion of intangible assets leads to a need for external funding. Securing intangible assets with the use of equity can be risky due to the nature of the asset category, therefore, companies may need external funds.
The final results for all significant variables are given in Table 9 .
At this stage of the study, we have obtained an understanding of the role of various determinants in the formation of the company's capital structure, but this is not enough to make final conclusions. First, it is necessary to check the significance of the country factor, and, second, to test the results obtained for stability.
As described in the methodological section above, the factor of the company's location in the territory of a particular country from the BRICS list will be taken into account by including a set of dummy variables in the analysis. However, this approach faces a problem related to the need to determine the parameters of the basic variable, that is, the regression results may be sensitive to the definition of the basis. To address this problem, the following approach will be used. Five independent regressions will be performed, alternately using each country as the base variable, and the Pooled model will be used. This choice of model was made for two reasons: the best identified model -FEdoes not take into account dummy variables, and although the random effects model is technically better than the pooled regression, it still has some flaws in application in such circumstances (for example, the RE-model makes the coefficient of the Prof variable insignificant).
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Pooled Source: drafted by the author. Source: drafted by the author.
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The results of the country dummy variable inclusion in the model are presented in Table 10 (the countries taken as the base are indicated at the top). Based on the obtained estimates of the coefficients, a number of conclusions can be drawn. First, the coefficients for the main variables do not change depending on the base country. Second, the values of the coefficients are slightly different from the estimates obtained earlier (see Table 7 ), retaining all signs and levels of significance. Third, the significance of dummy variables strongly depends on the chosen basis. These three observations suggest that the inclusion of the country factor in the model does not make sense. To verify this assumption, we have performed a test on the hypothesis of an insignificant difference from zero in the q-coefficients of the regression equation, where q is the number of dummies denoting countries (four), and the ordinary Pooled model will be used as an equation with restrictions. The result of the test was that the inclusion of dummy variables in the analysis was justified.
Thus, the country factor does have an effect on the capital structure of the companies under review. A more thorough analysis allows us to conclude that countries are in the following descending order regarding the strength of the positive effect on the amount of debt: Brazil, South Africa, Russia, China, India. However, at the same time, it can be noted that the effect of this factor is not too strong, because the adjustment made by the country factor only slightly changes the coefficients of the variables of the main equation.
Having developed and tested the final model, it will hereby be interpreted in terms of the implementation of the hypotheses of this article, starting with hypothesis 4, which states that the growth potential and intangible assets of the company negatively affect the value of its debt. Based on the results obtained, it can be considered that the hypothesis is only partially confirmed. On the one hand, the proxy variable for the proportion of intangible assets -IntAmort -has a steady positive effect on leverage. On the other hand, two out of the three growth potential proxies (GrOpp, RnD) have negative signs, and the only factor with a positive impact (MtB) has a very weak effect on the amount of borrowing. Thus, the part of the hypothesis regarding intangible assets is not consistent with the results obtained, while the part concerning growth potential appears to be confirmed.
As for hypothesis 3, it also cannot be unambiguously confirmed. Estimates of the coefficients of Prof, Age and IntAmort variables confirm the adhesion of the companies under review to the pecking order theory. However, estimates of Tang, Size and NDTS variables are consistent with the trade-off theory. Based on this correlation of variables, it is difficult to conclude which theory more accurately describes the behavior of innovative companies of the BRICS countries. In this regard it may be stipulated that a "classic" result has been obtained, whereby both theories play an important role. While the hypothesis has found support it has not been demonstrated obviously enough to get confirmation.
Conclusion
This article identified the main features of the capital structure of innovative companies from BRICS countries, as well as the significant determinants of that capital structure and the directions of their effect. To achieve this goal, an analysis which includes three main stages was carried out.
First, on the basis of theoretical prerequisites, as well as the work of a large number of various authors, the main features of innovative companies influencing the structure of their capital were identified. These features include the existence of the information asymmetry costs associated with the specificity and uniqueness of the activities of innovative companies, the presence of high growth potential generated by the existence of network effects, the high applicability of innovation, and the low marginal and transport costs associated with these companies. Furthermore, it was noted that intangible assets had a significantly larger proportion in the asset structure of high-tech companies than in other firms.
Second, a comparative analysis of high-tech and non-innovative companies was performed. Comparisons between them were made for parameters such as profitability, size, the proportion of tangible assets, and growth potential. The result of this analysis was that the hypothesis of the need to explain the capital structure of companies varying in their level of innovativeness with the use of different models was confirmed. Moreover, it was shown that the level of borrowing of innovative firms is at a lower level.
Finally, at the third stage, a detailed analysis was performed of innovative companies using a broad selection of variables. The results obtained at this stage of work made it possible to come to several conclusions. First, the coefficients of the estimated variables confirmed the significance of both the pecking order theory and the trade-off theory, thereby not providing an option to fully confirm one of the hypotheses of the study. Second, it was confirmed that the proportion of intangible assets in the company has a multidirectional effect on the amount of debt, which also contradicts one of the hypotheses of this paper. However, it was proven that growth potential is a significant factor which has a predominantly negative effect on the level of an innovative company's financial leverage.
The model was also tested for errors such as multicollinearity, autocorrelation, and heteroscedasticity, which showed that the results of the study were not distorted. Furthermore, with the use of dummy variables, the country factor was taken into account, which, although appearing to be significant, did not show a strong effect on the amount of companies' debt. In addition, a separate analysis was performed for companies with different levels of growth potential, which confirmed the importance of growth potential as determinants of the capital structure of innovative companies.
Finally, it should be noted that by implementing methods such as the change of the dependent variable, and a reduc-tion in the number of companies studied, it was possible to draw positive conclusions about the sustainability of the results obtained in the study.
In general, the outcome of this article may be regarded as obtaining an understanding of those determinants that have a significant effect on the capital structure of innovative companies of the BRICS countries. The results obtained indicate that these companies use relatively little borrowed capital with high growth potential, which indicates the need to overcome the information asymmetry challenge in order to increase not only the growth rates of individual companies, but also the economy as a whole. 
